Jerusalem artichoke (Helianthus tuberosus L.) is considered as a weed of natural conservation areas, but it can occur on arable lands and ruderals, also.
applied later showed the highest efficacy. The optimal time for H. tuberosus control was the end of August-beginning of September when the metabolism activity of the underground plant parts showed the highest activity.
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Introduction
Helianthus tuberosus (Jerusalem artochoke) is a native species of America. In the second half of the 20th century it became a serious invasive alien species on all parts of Europe (Ludwig et al., 2000; Balogh 2006) . It is on the EPPO list containing the names of the most 34 dangerous invasive species.
Earlier it was considered as a typical weed of natural and semi-natural conservation areas. It can locally occur on alluvial weed communities and -due to its intensive vegetative reproduction capacity and shading effect -it can create homogenous stands also (Balogh 2006) . Allelopathy as a type of interference among higher plants is also believed to play an important role in its intensive spreading (Tessio et al., 2010) .
Geophytes, like H. tuberosus are belong to weed groups "difficult to control". Based on the works of Verburg et al. (1996) and Crawley (1997) H. tuberosus belongs to "pseudoannual" group: the death of the whole plant occurs by the end of vegetation, except stem tubers in the soil, from which new shoots -showing total genetic identity with the mother plant -will emerge on the next spring. They are considered as clonal plants without continuous inter-clonal relations in time.
Efficacy of mowing for H. tuberosus control was investigated in the latest years (Fehér and Konĉeková 2012) . Based on the results of Wagner (1988) mowing twice a year (end of June and August) can considerably suppress the stands. Balogh (2006) suggested mowing more times within a year when plant shoots reach 50 cm height. Physiological background of this is that the food reserves of the tubers will deplete until June. Stem tubers of the previous year will destroy from the end of April and entirely die by the end of June (Swanton et al., 1992) . Plants use food reserves mainly for the development of the new shoots. The mowing cut the shoots, therefore the possibility for the plants to develop new propagula will considerably decrease.
Chemical control of H. tuberosus in crops has an extended literature, based mainly on North-American research. It is believed that the effectivity of the control is the best directly before flowering (Wall et al., 1986; Kays and Nottingham, 2008) .
Extended H. tuberosus stands can occur on natural and semi-natural areas, most often next to water habitat, where chemical treatments are not allowed. Beside these habitats, H. tuberosus can appear on waste lands, ruderals and arable fields, also (Zganciková et al., 2012) . It can be a dangerous weed species of arable fields (Pál et al., 2011) .
Therefore the aim of our study was to investigate the efficacy of different herbicides, mechanical treatments and their combinations on H. tuberosus.
Materials and methods
In 2013, small plot field experiments were set up on the South-West part of Hungary (Somogy county), on meadow soil on waste land, heavily infested with H. tuberosus (120-160 shoots/m 2 ). It created a homogenous stand, no other weed species occurred on the experimental area.
Post-emergence treatments were done two times: the first one (ps1) in summer (3. 7. 2013) and the second one (ps2) later in autumn (5. 9. 2013). The stands were mowed 18 days before ps1 treatments, and 41 days before ps2 treatments, respectively. The plant residues were left on the field surface. Chemical treatments in four replications with different herbicides and combinations were carried out at 30-40 cm plant height. Treatments were the followings ( Because of the well-developed plants the highest dosages of the herbicides permitted for perennial dicots control were used.
Size of the small plots were 3 x 7 m (21 m 2 ). Parcel sprayer was used with a 350 l/ha water amount at 3.5 bar pressure with Lechler IDK 12003 nozzles.
Weed control efficacy was evaluated four times as in percent of the untreated control (0 = no efficacy; 100% = excellent weed control effect) (Dancza 2004) 12, 22 and 66 days after the first chemical treatments (DAT) and 48 days after the second treatments, respectively. Analysis of variance was used for statistical evaluation of the data.
The air-dry weight of underground plant parts (including roots, stolons and tubers also) was also measured on 23. 10. 2013 (17 weeks after the first post-emergence treatments).
Results
Weed control efficacy can be seen in Table 2 . Weight of the underground plant parts can be seen in Figure 1 . The weed control efficacy was excellent (100%) when H. tuberosus plants were treated two times with glyphosate isopropylamin salt. This was also expressed in the weight of the underground plant parts. When plants were treated with glyphosate isopropylamin salt one time after mowing the result was similar, although higher underground biomass was measured. When glyphosate isopropylamin salt treatments were applied in early post (ps1) weed control efficacy proportionally reduced with time and later (48DAT) the efficacy was not sufficient (64%).
Very good (96%) weed control efficacy was obtained when combined herbicide treatments with glyphosate isopropylamin salt +2,4 D were applied in autumn (ps2) after mowing. Weed control efficacy of the same treatment applied as an early postemergence (ps1) was not sufficient by the end of vegetation period (58%).
Data of underground biomass production of H. tuberosus were more or less well correlated with the results of weed control efficacy. The air dry weight of underground plant parts was the lowest when plants were treated twice with glyphosate isopropylamin salt (6 th treatment), followed by glyphosate isopropylamin salt (5 th treatment) and clopyralid (3 rd treatments (Figure 1 ). Mowing two and three times reduced the underground biomass by 49.2 and 51.6%, respectively as compared to untreated control. Table 1 .
Conclusions
It can be concluded that the efficacy of chemical treatments for H. tuberosus control is the best (100%) when treatments were applied directly before flowering. Considerable shoot, tuber and root growth reduction were observed in these cases, regarding that the food reserves amount of the underground plant parts is the lowest in this time. Total death of the shoots and severe reduction of the underground plant parts occurred when treatments were applied at flowering time. Physiological background of this phenomenon is that the activity of the metabolistic processes in the stolons is the best directly before flowering. Assimilates transport from the shoots towards to underground parts is active and this results the active herbicides transport also at the beginning of September.
At the end of vegetation assimilate transport towards the overwintering underground parts is important to ensure plant survival for the next vegetation period. An active saccharose translocation and accumulation in the tubers was underlined by more authors (Jefford and Edelman, 1960; Incoll and Neales, 1970; McLaurin et. al., 1999) .
So, due to the active metabolistic and transportation processes at the end of summer -beginning of September this time is believed the optimum for H. tuberosus control. Combination of chemical and mechanical treatments are highly recommended.
Similar to our results, application of glyphosate treatments two times in the growing season ensured a 100% weed control effect on H. tuberosus in an American experiment, which was carried out in glyphosate resistant soybean fields. Because of the presence of the non-shot forth, dormant tubers H. tuberosus control is suggested even after two years by the authors (Kays and Nottingham, 2008) . Swanton and Cavers (1988) ; Swanton et al. (1992) proved that the non-shooted H. tuberosus tubers can entirely destroy for the next year in Canada. Viability of underground propagules can depend on soil type, plant genotype and the climatic conditions (Kays and Nottingham, 2008) . So far no data is available about tuber's survival under Hungarian conditions, therefore further examinations are necessary in this respect.
